is a methanogen belonging to the order Methanomicrobiales within the archaeal phylum Euryarchaeota. The type strain, JR1, was isolated from anoxic sediments of the Black Sea. M. marisnigri is of phylogenetic interest because at the time the sequencing project began only one genome had previously been sequenced from the order Methanomicrobiales. We report here the complete genome sequence of M. marisnigri type strain JR1 and its annotation. This is part of a Joint Genome Institute 2006 Community Sequencing Program to sequence genomes of diverse Archaea.
Introduction
Methanoculleus marisnigri is a methanogen belonging to the order Methanomicrobiales, and strain JR1 is the type strain of this species. When it was first isolated, this organism was named Methanogenium marisnigri [1] , but then later it was transferred to the genus Methanoculleus [2] . The type strain was isolated from sediment of the Black Sea, while another strain was isolated from an anaerobic digestor [2] . Other species of Methanoculleus have been isolated from different types of anaerobic digestors and marine and freshwater sediments (reviewed in [3] ). Methanogens have been divided into two groups known as Class I and Class II based on phylogeny [4] . Class I includes the orders Methanococcales, Methanobacteriales, and Methanopyrales, which use H2/CO2 or formate as substrates for methanogenesis, although some can also use alcohols as electron donors. Class II includes the orders Methanosarcinales and Methanomicrobiales. Some of the Methanosarcinales are capable of using various methyl compounds as substrates for methanogenesis including acetate, methylamines, and methanol, but Methanomicrobiales are restricted to the same substrates as the Class I methanogens [3] . Therefore Methanomicrobiales are phylogenetically closer to Methanosarcinales but physiologically more similar to Class I methanogens, making them an interesting target for genome sequencing. (Figure 1 ), and they represent the three phylogenetic families within the order Methanomicrobiales. We report here the sequence and annotation of M. marisnigri type strain JR1.
Classification and features
Methanoculleus marisnigri JR1 was isolated from Black Sea sediment at a depth of 0.5-20 cm. The enrichment medium consisted of 30% distilled water and 70% sea water with the addition of acetate, formate, trypticase, yeast extract, vitamin solution, trace mineral solution, and volatile fatty acid solution [1] . Cells were maintained in serum vials under an atmosphere of 80% H2 and 20% CO2 by a modification of the Hungate technique [1] . The physiological characteristics of M. marisnigri were described as follows [1] . The cells were irregular cocci with peritrichous flagella. The cell wall was composed of glycoprotein and lacked peptidoglycan. The optimal growth temperature was 20-25°C with growth observed between 15 and 45°C. The optimal pH for growth was 6.4 with a range of 6.0-7.5. The optimal salt concentration for growth was around 0.1 M NaCl, and growth was observed between 0.0 and 0.7 M NaCl. Neither acetate nor yeast extract was stimulatory for growth. Trypticase was required, and it could not be replaced by Casamino acids or other peptide mixtures. Coenzyme M and Coenzyme F420 were both detected in M. marisnigri. Growth was observed with H2/CO2 or formate but not with acetate or methanol. M. marisnigri was subsequently shown to grow with secondary alcohols as the electron donor for methanogenesis [6] . The physiological and morphological features of M. marisnigri are presented in (Table 1) .
Genome sequencing information

Genome project history
Methanoculleus marisnigri was selected for sequencing based upon its phylogenetic position relative to other methanogens of the order Methanomicrobiales. It is part of a Joint Genome Institute 2006 Community Sequencing Program project that included six archaeal genomes selected for their phylogenetic diversity. A summary of the project information is shown in Table 2 . The complete genome sequence was finished in February, 2007. The GenBank accession number for the project is CP000562. The genome project is listed in the Genomes OnLine Database (GOLD) [18] as project Gc00512. Sequencing was carried out at the Joint Genome Institute (JGI) Production Genomics Facility (PGF) in Walnut Creek, California. Quality assurance using Phred [19, 20] was done by JGI-Stanford. Finishing was done by JGI-Los Alamos National Laboratory (LANL). Annotation was done by JGI-Oak Ridge National Laboratory (ORNL) and by JGI-PGF.
Growth conditions and DNA isolation
The methods for DNA isolation, genome sequencing and assembly for this genome have previously been published [21] . The tree uses 16S ribosomal RNA sequences aligned within the Ribosomal Database Project (RDP), and the tree was constructed with the RDP Tree Builder [5] . Methanosarcina barkeri was used as the outgroup. The numbers on the branches represent bootstrap values based on 100 replicates. Evidence codes -IDA: Inferred from Direct Assay (first time in publication); TAS: Traceable Author Statement (i.e., a direct report exists in the literature); NAS: Non-traceable Author Statement (i.e., not directly observed for the living, isolated sample, but based on a generally accepted property for the species, or anecdotal evidence). These evidence codes are from the Gene Ontology project [15] . If the evidence code is IDA, then the property was directly observed for a living isolate by one of the authors or another expert mentioned in the acknowledgements. 
Genome properties
The genome of M. marisnigri JR1 consists of a single circular chromosome ( Figure 2 and Table 3 and genes belonging to COG functional categories are listed in Table 4 . Figure 2 . Graphical circular map of the chromosome. From outside to the center: Genes on forward strand (colored by COG categories), Genes on reverse strand (colored by COG categories), RNA genes (tRNAs green, rRNAs red, other RNAs black), GC content, GC skew. Methanomicrobiales form a group distinct from other methanogens, and therefore methanogens can be split in to three classes [21] . There are also differences among the Methanomicrobiales. For instance, M. marisnigri is the only one of the three to have the F420-nonreducing hydrogenase, and it is the only one of the three to lack the 14-subunit Mbh membrane-bound hydrogenase. This has implications for the mechanism of methanogenesis: M. marisnigri may couple Coenzyme M-Coenzyme B heterodisulfide reduction to the first step of methanogenesis in the cytoplasm, similar to Class I methanogens [35] , while the other Methanomicrobiales may couple heterodisulfide reduction to generation of a membrane ion gradient [21] .
